H.B. Fuller Company Docket No. ER-090-US-01 
METAL PLASMA SURFACE-MODIFIED THERMAL BARRIER CHANNEL 

Background of the Invention 
The invention relates to surface-modifying a thermal barrier assembly. 
Metal exterior window and door casings, which are often made of aluminum, are 
widely used in a variety of structures including office and industrial buildings. Such meta l 
casings are good thermal conductors and therefoi:e_QaiLcause considerable heat loss in 



v enter and heat gain in summer in buildings in which they are installed. To reduce this 
problem it is common to employ a "thermal barrie r" between the interior and the exterior 
10 portions of a metal casing. The the rmal barrier often includes a material of relatively low 
thermal cond uctivity, which serves to interrupt the transfer of thermal energy between the 
interior and exterior me taLRprtions. 

Thermal barriers often consist of a channel defined bv_two structural components. 



^e^g ^ metal se gments, and ^Tadhesive com position disposed in the channe l. 

1 5 Thermal barriers, when part of a structure such as a building, are often subjected to 

high stresses caused by day, night and seasonal thermal cycling of the metal segments, 
which have much lower thermal expansion coefficients than the composition disposed in 
the channel of the thermal barrier. These stresses are different on each side of the thermal 
barrier due to the differential between the interior and exterior temperatures. 

20 Conseq uently, the adhesive com position may debond from the metal seg ments of the 

thermal barrier resulting in a loss of structural integrity, which can lead to gaps and water 
infiltration in the thermal barrier assembly. 

Attempts to increase the adhesion of the adhesive composition to the interior 
channel surface includes mechanically ro ughening the surfac e of the channel using 

25 methods such as abrading, scratching, lancing, sand blasting and scraping. Often the 
aesthetics of the assembly are sacrificed during these processes. In addition, these 
mechanical roughening techniques normally are conducted in a separate, off-line 
operation. Other methods that have been used in an effort to increase adhesion include 
chemical treatments such as solvent bonding and chemical etching. 

30 SUMMARY 

The invention features a method of modifying a thermal barrier assembly that 
includes a channel, the method including exposing a surface of the channel to a plasma 
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comprising metal moieties and depositing the metal moieties on the surface of the channel. 
In one embodiment, the channel includes a surface treatment prior to the depositing step, 
the method further including removing at least a portion of the surface treatment from the 
channel. 

5 In some embodiments, the metal is selected from the group consisting of 

aluminum, nickel, chromium, iron, graphite, molybdenum, copper, cobalt, tungsten, 
indium, manganese, zirconium, zinc, cesium, yttrium, antimony, and oxides, carbides, 
nitrides and silicides thereof, and alloys and mixtures thereof. 

In other embodiments, the thermal barrier assembly includes a structure selected 
10 from the group consisting of a window casing, door casing and curtain wall. 

In one embodiment, depositing includes forming a metal coating on the surface of 
the channel. In some embodiments, the coating has a thickness of no greater than about 2 
mm. 

In other embodiments, the channel is defined by a substrate-thaHnelu des me tal. In 
15 one embodiment the metal is alumiiiurri. In some embodiments channel is defined by a 
substrate that includes a polymer. 
' In some embodiments the channel includes a first side wall, a second side wall 

positioned parallel to the first side wall and spaced no greater than about 2.5 cm from the 
first side wall. In another embodiment the thermal barrier assembly includes a window 
20 casing. In other embodiments the thermal barrier assembly includes a door casing. 

In another aspect, the invention features a thermal barrier assembly that includes a 
channel comprising a layer ^f metal bprided-to-a-surfaee-af-the channel, the metal having 
been deposit ed onto the channeLsurfac e.from a plasma. 

In one embodiment, the thermal barrier assembly further includes an adhesive 
25 composition bonded to the modified surface of the channel. In other embodiments, the 
adhesive composition includes polyurethane. In another embodiment, the adhesive 
composition exhibits no greater than 5 % shrinkage when bonded to the surface and 
subjected to the % Shrinkage Test Method. In some embodiments, the adhesive 
composition exhibits no greater than 1 % shrinkage when bonded to the surface and 
30 subjected to the % Shrinkage Test Method. In other embodiments, the adhesive 

composition exhibits a shear strength of at least 2500 psi at room temperature after being 
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subjected to the Thermal CycHng Method- In one embodiment, the adhesive composition 
exhibits a shear strength of at least 3000 psi at room temperature after being subjected to 
the Thermal Cycling Method, hi another embodiment, the adhesive composition exhibits 
a shear strength of at least 7500 psi at room temperature after being subjected to the 
5 Thermal Cycling Method. 

In one embodiment, the metal is selected from the group consisting of aluminum, 
nickel, chromium, iron, graphite, molybdenum, copper, cobalt, tungsten, indium, 
manganese, zirconium, zinc, cesium, yttrium, antimony, and oxides, carbides, nitrides and 
silicides thereof, and alloys and mixtures thereof. 

10 In some embod iments, t he channe l is de fined by a substrate that includes met al. In 

another embodiment, the metal includes aluminum. In other embodiments, the channel is 
defined by a substrate that includes a polymer. 

In other aspects, the invention features a window casing that includes an above- 
described thermal barrier assembly. In another aspect, the invention features a door casing 

1 5 that includes an above -described thermal barrier, assembly. 

In other aspect, the invention features a process for making a thermal barrier 
assembly, the process includes exposing a surface of a channel of a thermal barrier , 
assembl y to a plasma comprising metal moieties and depositing the metal moieties on the 
surface of the channel. In some embodiments, the process further includes contacting the 

20 metal surface of the channel with an adhesive composition. In one embodiment, prior to 
the depositing, the channel incl udes a surface treatme nt disposed on the channel surface, 
the process further includes removing at least a portion of the surface treatment prior to 
depositing the metal moieties. 

In some embodiments, the adhesive composition includes polyure thane. 

25 In other embodiments, the surface treatment is selected from the group consisting \ 

of polyester, melamine, mill finish, conversion coating, primer, paint, acrylic, polyester, ^ 
enamel, polyurethane, fluoropolymer, anodic finishes and combinations thereof ) 

In one embodiment, the process includes making a window casing. 
In other embodiments, the process includes making a door casing. 

30 The invention provides a thermal barrier assembly that exhibits enhanced structural 

integrity with good tensile strength, improved shear strength, retention of shear strength 
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after thermal cycling and reduced dry shrinkage, i.e., polymer creep, after repeated 
temperature cycling relative to the untreated thermal barrier. The thermal barrier assembly 
includes a surface-modified channel to which the thermal barrier composition of the 
assembly maintains good adhesion, and in which the thermal barrier composition exhibits 
low shrinkage over repeated thermal cycling relative to the same thermal barrier assembly 
without a surface-modified channel. The thermal barrier composition also exhibits good 
resistance to debonding fi-om the surface-modified channel. 

The invention also features a surface-modifying process that can be performed 
"inline," i.e., the surface modification can be performed during the thermal barrier 
manufacturing process, which can streamline the thermal barrier manufacturing process. 
The invention provides a relatively narrow, focused plasma that is capable of modifying 
the target surface (e.g., depositing metal moieties directly on the target surface), with little 
to no modification (e.g., metal deposition) occurring on surfaces other than the target 
surface (e.g., areas where it is important to maintain the existing aesthetics of the 
assembly). 

Other features of the invention will be apparent fi-om the following description of 
the preferred embodiments thereof, and from the claims. 

Brief Description of the Drawings 
FIG. 1 shows a perspective view of a thermal barrier assembly for a window 

casing. 

FIG. 2 is a sectional view of a metal thermal barrier assembly that includes a 
central channel, a thermal barrier composition and a bridge extending across one side of 
the channel. 

FIG. 3 is a sectional view of the channel of FIG. 2 in which the channel bridge is 
being removed to create the thermal barrier assembly of FIG. 1 . 

Detailed Description of the Preferred Embodiments 

The method of modifying the surface a channel of a thermal barrier assembly 
includes exposing the surface of the channel to a plasma that includes metal moieties and 
depositing the metal moieties on the channel surface. As the metal moieties deposit on the 
surface of the channel they form a metal coating. When the molten metal moieties from 
the plasma contact the surface of the channel they modify the surface by burning and 



welding to the channel surface. As additional metal deposits on the surface of the channel 
it forms metal structures including, e.g., peaks, loops, valleys and voids and combinations 
thereof, on the surface of the channel, which increases the surface area of the channel 
relative to the unmodified channel. The increase in channel surface area provides 
5 additional potential points of contact for a subsequently applied thennal barrier 
composition. The metal structures on the modified channel surface also provide a 
mechanical mechanism for retaining the thermal barrier composition in place on the 
channel and inhibiting the thermal barrier composition from shrinking after cure. Without 
wishing to be bound by theory, the inventor believes that the thermal barrier composition 
10 surrounds the metal structures of the surface modification, which assists in maintaining the 
_^ cured composition in position in the channel. 

Preferably the metal moieties are deposited on the channel in an amount sufficient 

s ^ t 

= to modify the surface characteristics of the channel and to improve the adhesion of a later 

applied adhesive composition. The metal coating preferably covers at least about 10 %, 
=p 15 more preferably from about 50 % to about 100 % of the channel surface. The metal 
^ ' coating is also preferably sufficiently thin such that it remains bonded to the substrate, i.e., 

S does not exhibit adhesive failure at the channel surface interface. Preferably the deposited 

fj metal coating is of a thickness of from about 0.35 mm to about 2.00 mm, more preferably 

from about 0.50 mm to about 0.80 mm. 
20 The properties of the plasma, as well as the amount of time during which the 

channel is exposed to the plasma will affect the rate at which metal is deposited on the 
channel surface as well as the thickness of the deposited metal coating. In an in line 
process, the channel will move past the plasma at a rate sufficient to apply a coating 
having a predetermined thickness. 
25 The plasma used to deposit the metal coating is generated by an electric arc plasma 

source or gas plasma discharge source. The plasma can be generated using several 
different sources depending upon the desired application. Useful sources include electric 
arc guns having various configurations. In one configuration the gun includes a square 
body having a conical extension. An air cap is fixed to the conical extension. The 
30 electrodes direct the wires of the gun together. The air cap has an orifice dimensioned to 
direct the plasma spray into a controlled discharge pattern at a predetermined diameter. 
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The plasma of the electric arc gun is generated by charging the wires of the arc gun 
to a temperature sufficient to achieve a molten metal plasma. An air jet passes through the 
electric arc gun and directs the molten metal plasma through the orifice of a focusing lens 
located on the cylindrical cap. The focusing lens focuses the spray of molten metal to a 
5 fine, high pressure point. The continuous high-pressure surge of the air jet blasts into the 
molten metal plasma, which is at a temperature of approximately 3000''C, and directs the 
molten metal onto the target substrate, i.e., the channel surface. Useful electric arc guns 
are commercially available under the trade designation TB2000 Arc (Sulzer-Metco Inc., 
Westbury, NY). 

1 0 Preferably the current passing through the wires of the plasma arc gun is fi-om 

about 50 amps to about 400 amps, the voltage applied to the gun is from about 10 volts 
-fi AC to about 75 volts AC and the pressure of the air traveling through the arc gun is fi*om 

about 10 psi to about 100 psi. 
^ The electric arc gun is constructed such that the dimension of the plasma spray at a 

£ 1 5 point approximately two inches fi-om the orifice of the arc gun is preferably sufficiently 
r narrow to focus the plasma in a target channel of a thermal barrier assembly. Preferably 

ri the electric arc gun is constructed to avoid depositing metal in unwanted areas on the 

iff 5 

m thermal barrier assembly, more preferably the spray is no greater than about 2 cm wide at 

^ the channel surface. 

1=^ 20 Various metals can be deposited on the surface of the channel including, e.g., 

aluminum, nickel, steel, zinc, chromium, iron, graphite, molybdenum, copper, cobalt, 
tungsten, indium, manganese, zirconium, cesium, yttrium, antimony, bronzes, and oxides, 
carbides, nitrides and silicides thereof, and alloys and mixtures thereof. 

The structural components of the thermal barrier assembly can be made fi-om a 
25 variety of materials including, e.g., metal, e.g., aluminum, and polymers including, e.g., 
plastic, polyvinyl chloride, filled or partially filled structural composites and fiberglass 
reinforced plastics including, e.g., unsaturated polyesters and epoxies. 

The thermal barrier assembly can also include a surface treatment including, e.g., 
mill finish, conversion coating, primer, paint, organic paint compositions including, e.g., 
30 acrylic, polyester, enamel, polyurethane and fluoropolymer, anodic finishes including, 
e.g., clear, integral color and electrolytically deposited color, anodic finishes resulting 
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from sealing processes including, e.g., boiling water seal, nickel acetate sealing additives 
and anti-smut additives. Commercial classes of finishes are described, e.g., in the 
American Architectural Manufacturers Association (AAMA) thermal Break TIR-A8-90 
manual, section 4.1.2 entitled, "Cavity Surface Treatment." 
5 The thermal barrier assembly is useful in a variety of constructions including, e.g., 

metal casing structures for windov^s, doorfi-ames and curtain walls. 

Preferably the surface of the thermal barrier is modified such that an adhesive 
composition disposed in the channel of the thermal barrier exhibits less than 5 % 
shrinkage, more preferably less than 1 % shrinkage, and a shear strength of at least 2500 

10 psi, more preferably at least 3000 psi, most preferably at least 7500 psi. A variety of 

adhesive compositions are suitable for use as the barrier composition in the thermal barrier 
assembly including, e.g., polyurethanes, epoxies, epoxy-urethane hybrids, oxazolidones, 
isocyanurates, acrylics and combinations thereof. 

Examples of usefiil polyurethane compositions include two-part formulations 

1 5 where one part includes glycols, polyols or a combination thereof and the other part 
includes polyisocyanate. Examples of useful polyols include those polyols having 
backbones of polyether, polyester and combinations thereof, and molecular weights in the 
range of about 62 to about 7000. Preferably the polyol is present in the composition in an 
amount sufficient to provide effective crosslinking of the composition, more preferably the 

20 polyol mixture includes an average of from about 2.0 to about 4.0 hydroxyl groups per 
molecule. 

The polyisocyanate component of the formulation is preferably a polymer 
extended multi-isocyanate providing an average of from about 2 to about 3 isocyanate 
groups per molecule. Usefril polyisocyanates are available under the trade designations 
25 Papi 2027 from Dow Chemical (Midland, MI) and Mondur MR from Bayer (Pittsburgh, 
PA), and Rubinate-M from Huntsman-ICI (West Deptford, NJ). Non-polymeric 
isocyanate compounds including, e.g., toluene diisocyanate and isophorone di isocyanate, 
may also be used. The crosslink density of the composition is preferably from about 550 to 
about 680. 

30 S-^0:> /^The polyurethane composition also includes a catalyst. Examples of useful 

catalysts include tertiary amines including, e.^, diazabicyclo- and triazabicyclo-alkanes 
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and alkenes including, l,4-dia2obicyco-2, 2, -octane, l,8-cliazobicyclo-5,4,0-undec-7- 
ene, l,5-diazobicvpio-4,3,0-non-5-ene, and l,5,7-triazabicyclo-4,4,0-dec-5-ene, N-(3- 
^ dimethylaniiij0^ropyl-N,N\N'-trimethyl-l ,3-propanediam acylic tertiary triamine N- 
(3-dimet)a:^amino )propyl-N,N',N'-trimethyl- 1,3 -prop anedi amine and combinations 
therp<^r ' 

The composition can further include additives capable of lowering shrinkage, 
enhancing bonding to metallic substrates, or a combination thereof. Examples of useful 
additives include soft fillers such as calcined clay and mica, hard fillers such as glass 
fibers, wollastonite and ceramic fibers, hydrophobic silicas and glass beads. The 
10 composition can also include silane coupling agents including, e.g., 
glycidoxypropyltrimethoxysilane. 

The method can be used to modify the channel of a variety of thermal barrier 
assemblies including, e.g., window casings, door casings and curtain walls. The method is 
also suitable for modifying channels made from a variety of materials including, e.g., 
15 metal (e.g., aluminum and steel) and polymer. The channel surface can be modified 
during the thermal barrier assembly manufacturing process. 

FIGS. 1-3 illustrate one embodiment of a thermal barrier assembly 10 that includes 
a thermal barrier composition 16 disposed in a surface-modified 1 S ^hannel 2 3 defined by 
two components 12, 14 that are bonded to each other through the thermal barrier 
20 composition 16. Initially the channel 23 is formed from a unitary extrusion 20 that 
includes an interior portion 12 (i.e., the portion of the thermal barrier that will be 
positioned towards the interior of a structure, e.g., a building) and an exterior portion 14 
(i.e., the portion of the thermal barrier that will be positioned towards the exterior of a 
structure), which are connected by a bridge 22. Together the three portions of the 
25 extrusion 20 define the central channel 23 having side walls 28, 30. The channel 23 has 
been surface-modified to include a metal coating 18. _ 

In FIG. 3, a mill 26 is shown removing bridge 22 so as to break the connection 
between the interior 12 and exterior portions 14 of unitary extrusion 20 and thereby form 
the thermal barrier assembly of FIG. 1 . 
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The invention will now be described further by way of the following examples. 
All parts, ratios, percents and amounts stated in the Examples are by weight unless 
otherwise specified. 



EXAMPLES 



5 Test Procedures 

Test procedures used in the examples include the following. 

Thermal Cycling Method 

A sample is cycled according to AAMA TER-A8-90 section 5.1.4 entitled, 
10 "Thermal Cycling." 

The sample channels are cut into 30 inch sections. The ends of the 30 inch 
sections are cut flat and the location of the barrier composition within the channel is 
measured with a micrometer to determine the position of the barrier composition within 
the channel. The length of the barrier composition, the channel length and finish are then 
15 recorded.. 

The samples are then cycled from -40 to +160 degrees Fahrenheit as follows: 
The sample is heated to 70°F for 5 minutes, -40°F for 1 hour and 5 minutes, 0°F 
for one hour, 160°F for 1 hour and 5 minutes, 130°F for 1 hour and 70°F for 5 minutes 
throughout the cycling the environment is maintained at 50% relative humidity. The cycle 
20 is repeated 30 times. The sample was then removed and conditioned at 73°F, 50% relative 
humidity for 24 hours at which time measurements can be taken. 
The cycling is then repeated for a total of 90 cycles. 

% Shrinkage Test Method 
25 A sample is prepared and the initial length of barrier composition in the channel is 

measured. The sample is then cycled for a total of 90 cycles according to the Thermal 
Cycling Method. After cycling is complete, the final length of the barrier composition in 
the channel is measured. The percentage of shrinkage is determined based on the initial 
and final barrier composition length measurements. 
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Shear Test Method 

Shear is determined according to ASTM Standard Practice E575-83. 

The dimensions of a treated channel are measured and recorded. A treated channel 
is then filled with an adhesive thermal barrier composition prepared as described above. 
5 The adhesive thermal barrier composition is cured and then the channels are debridged, 
i.e., the process whereby the aluminum bridge connecting the exterior and interior portions 
of the extruded thermal break cavity is removed, e.g., by milling or sawing (see AAMA 
TIR-A8-90 Thermal Break Manual, page 9, section 4.2.4 entitled, "Cure Time and 
Debridging"). The debridged channels are then cut into 4 inch sections for initial shear 
1 0 testing and 30 inch sections for shear testing after 90 cycles. 

The shear test specimen is locked into position in a vice of an Instron 55R4507 
universal shear testing machine (Instron, Inc., Canton, MA) that is capable of exerting a 
force of up to 10000 pounds. The inside wall of the thermal barrier channel is held rigid 
while force is applied to the outside wall at a crosshead speed of 0.2 inches per minute 
15 using load cell no. 95 having a 45,000 lb as described in AAMA TIR-A8-90 Manual, page 
24, section 7.3 entitled, "Tensile, Eccentric Load and Shear Tests." 



the Thermal Cycling Method. 
Coating Thickness 

The thickness of the channel is measured before treatment and after treatment 
25 using a micrometer. The difference between the measurements is recorded as the 
thickness of the deposited coating. 

Coating Strength 

The strength of the deposited coating is determined by scratching the metal deposit 
30 with the working end of a screwdriver. If the screwdriver does not debond the coating 




S^J^Testing continfies until failure, i.e., either the adhesive composition is sheared from 
metalch^mel or the meal deforms. The value displayed on the Instron is recorded in 



20 



The samples are tested initially and after being subjected to 90 cycles according to 
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from the surface, the sample is recorded as "pass." If the screwdriver can easily remove 
the coating, the sample is recorded as "fail." 

Examples 

Sample Preparation 

A "C" channel as defined by AAMA TIR-A8-90 Thermal Break Manual, section 
4.1.1 entitled, "Cavity Design," and having the finish specified in Table 1 was exposed to 
the plasma of an electric arc gun mounted on a fill-carrier, which is a unit with one side 
established with a drive system powered either by variable speed hydraulic or electric 
motors. The arc gun was mounted so as to be capable of moving in the X, Y, and Z 
directions and tilting. Idler wheels were used to move the channel to the desired position 
and locking the channel in position for treatment. The gun was mounted between two 
drive stations. The first drive station fed the channel into the hood and the other drive 
station pulled the channel out of the hood. Both drive units, called "fill-carriers," were 
calibrated to drive at the same rate of speed. : 

The arc gun was fitted with a fine air cap having a narrow orifice such that when 
the gun was turned on the plasma emanated from the orifice in a spray that was 
approximately V^-inch wide at the point of origin. The arc gun was positioned such that 
the orifice was directed downward toward the channel surface at a point from about 1 to 2 
inch from the channel surface. The channel temperature increased during the plasma 
treatment process. Temperatures were approximately 1 50°F. 

The plasma was generated under the following conditions: air pressure 10-90 psi, 
applied voltage 20-35 VAC and an applied current of 50-220 amps for charmels having an 
anodized finish. 

Controls 

The controls were untreated thermal barrier "C" channel as defined by AAMA 
TIR-A8-90 Thermal Break Manual, section 4.1.1 entitled, "Cavity Design," and having 
the coating specified in Table 1 . 
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The percent coverage of the metal coating deposited on the channel surface of each 
of the Examples was visually observed and recorded as "% Coverage" in Table 1 . 

The channels were tested according to the % Shrinkage, Shear, Coating Thickness 
and Coating Strength test methods. 
5 Examples 1-6 passed the Coating Strength test. The % shrinkage, shear and 

coating thickness results are reported in Table 1 . 



Table 1 



Samnle 


Finish 


% 


Coatine 


Line 


% 


Initial 


Shear 






Co vera ee 


Thickness 


Speed 


Shrinkage 


Shear 


Strength 








(in) 


(ft/min) 




Strength 


after 90 














(psi) 


cycles 
















(psi) 


Control 1 


U 


0 


NA 


NA 


12.10 


9626 


2253 


Control 2 


u . 


0 


NA 


NA 


2.61 


11335 


2484 


Example I 


u 


10 


0.0030 


88 


0.00 


NT 


13918 


Example 2 


u 


10 


0.0120 


53 


0.00 


13580 


5618 


Example 3 


u 


10 


0.0245 


40 


0.00 


13226 


12054 


Control 1 


CL 


0 


NA 


NA 


20.44 


14197 


2253 


Control 2 


CL 


0 


NA 


NA 


10.10 


15240 


4646 


Example 4 


CL 


10 


0.0090 


88 


2.10 


16387 


19143 


Example 5 


CL 


10 


0.0075 


53 


4.70 


14137 


21045 


Example 6 


CL 


10 


0.0110 


40 


2.94 


17404 


25918 



U= bronze anodized finish 



10 CL = clear anodized finish 
NA = not applicable 
NT = not tested 



15 Other embodiments are within the claims. 

What is claimed is: 



12 



